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Introduction

32
Cryptosporidiosis is a worldwide diarrheal disease caused by species of the protozoan 33 parasite Cryptosporidium. The parasite is transmitted via the faecal-oral route through the 34 ingestion of oocysts, either by direct contact with infected hosts or in contaminated food or 35 water, which may lead to the emergence of large scale outbreaks (Ortega and Cama, 2008; 36 Chalmers, 2012). Among the 26 or so species that have been described to date, 37 Cryptosporidium hominis is the most common anthroponotic species and Cryptosporidium within the other seven genomes, 28 remained for further examination (Table 2) .
185
Interrogating the UKP8 genome, 2016 loci were identified initially, but after applying our 186 selection criteria and removing duplicates identified initially in the IOWA II genome, eight 187 additional loci remained. However, those eight were also rejected as they showed no 188 variation in copy number within the other genomes investigated (Table 2) . The 28 qualifying loci were found across all eight C. parvum chromosomes (Tables 2, 3 repeat unit length was 6 bp and the longest was 27 bp (cgd6_4290_9811) ( Table 3) (Table 3) .
Of the 28 qualifying loci, 19 were found in all eight genomes interrogated. The non-detects 217 occurred mostly as singles (six loci) but three loci (cgd4_3940_298, cgd4_1340_1688, and 218 cgd5_4490_2941) were not detected in two, three and four genomes respectively (Table 4) . 219 The number of alleles identified for each qualifying locus in the eight genomes investigated same TRF software that we used, identified in our study as cgd1_470_1429 (Table 3) with   238 the repeat re-defined based on the correct reading frame. The two others (Ramo et al., 239 2016a and 2016b) included four previously un-described VNTR loci. We found all four in our 240 initial screening of the C. parvum Iowa II genome, and two qualified in our analysis (Table 3) , 241 although again we defined the repeat sequences differently, based on their DNA codons in 242 the correct open reading frame. Additionally, one was translated from the antisense strand 243 (Table 3) . Two were rejected (cgd2_3850 and cgd6_5400) as they presented < 90 % 244 similarity throughout the repeat regions. (cgd8_NC_4440_506 and any one of eight others, the most discriminatory being 257 cgd4_2350_796, Table 4 ). Most repeat units were short (6 bp) but some longer ones were identified, up to 27 bp, but 314 there didn't appear to be any major significance associated with the length of the repeat 315 and potential for discrimination, although this is probably due to only 2 or 3 alleles being 316 found at most loci (25/28). The most discriminatory locus was the 6 bp repeat Of the 28 qualifying loci, nine were not detected in one or more of the whole genomes 338 (Table 4 ). There could be a few explanations for this including, mismatches in the sequence the remaining candidate VNTR loci allowed for some intra-gp60 family discrimination (e.g. However, in our study the cgd2_3300_1504 and cgd4_2350_796 loci only differed between 396 the three isolates in UKP5 and it is a possibility that this variation could be due to 397 inaccuracies in the UKP5 sequence assembly as the depth of coverage was only 26.86x.
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398
Another potential for inaccuracy in two of the loci (cgd4_2350_796 and 399 cgd8_NC_4440_505) is that the repeats are approaching the size of the raw NGS reads, 400 which as described above can make it hard to resolve assembly gaps in these regions (Sims 
Conclusions
419
The strategy we followed for this study enabled the identification of 28 VNTR loci that may 420 be suitable for the development of a robust MLVA scheme. This study not only mined a C. Wang, R., Zhang, L., Axén, C., Bjorkman, C., Jian, F., Amer, S., Liu, A., Feng, Y., Li, G., Lv, C., In silico analysis of qualifying loci was performed with eight C. parvum genomes. Multilocus discrimination was high even between closely related isolates.
